In this paper we review the basic issues of quantum cosmological models. We explore the Wheeler-DeWitt equation in different contexts but from a dimensional point of view. We end by presenting the Wheeler-DeWitt equation in the case of considering all the constants varying. The quantum potential is obtained and the tunneling probability is studied.
1 Introduction.
In a recent paper [1] we studied the behaviour of the "constants" G, c, Λ and in the framework described by a cosmological model with FRW symmetries in which we have imposed the equation of state ρ = aθ 4 for the energy density. In this way a possible variation of the "constant" is reflected in the field equations. Formally, the result obtained only is valid for a determinate kind of matter, radiation predominance, but we extrapolated the result for other kind of matter, dust, strings, ultrastiff matter etc... checking that such extrapolation is right since any equations of physics as Maxwell, Schrödinger or Klein-Gordon equations remain gauge invariant if we introduce into them the "constants" varying for any kind of matter considered in the field equations. Now we would like to validate the result obtained and to find the behaviour for as well as for the rest of the "constants" through a equation in which "functions" ("constants") appear independently of the imposed equation of state. For this purpose we resort to the Wheeler-DeWitt (W-DW) equation in an suitable minisuperspace, since in this equation always appear such "constants" for any kind of matter. Therefore, in this brief paper we try to study the behaviour of these "constants" in the framework described by quantum cosmology.
The paper is organized as follows: In section 2 we review briefly the result obtained in reference [1] about the variation of the constants and we shall introduce new results that will show us how the constants vary when we consider mechanism of adiabatic matter creation. Once these result have been exposed, in section 3 we shall study the Wheeler-DeWitt equation in the minisuperspace approximation i.e. we shall impose FRW symmetries. Obviously, all the "constants" will be taken into account when we write such equation and we shall study it from a dimensional point of view. We will obtain the reduced form of the W-DW equation i.e. the Schrödinger equation in such a way that all the quantum procedure could be used. We shall check that the results obtained in section 2 remain gauge invariant to the W-DW equation In section 4 we will present another model described by a scalar field, also studying it from a dimensional point of view. Finally, in section 5 we shall study both equation, W-DW equation as well as the Schrödinger one (its reduced form) with all the constants varying. We will obtain its potential and the tunneling probability is studied. To calculate such probability we employ the Gamow's classical formula in which all the "constants" appear, not only the potential as in previous proposals, since we believe that their variations must be reflected in such calculation.
Variable constants.
In reference [1] we studied a flat cosmological model with FRW symmetries where the energy-momentum tensor is defined by a perfect fluid. As we have indicated in the introduction to reflect a possible variation of "constant" into the field equations, we impose the equation of state ρ = aθ 4 for the energy density. The differential equation that describes the variation of all the "constants" is obtained from the condition div 8πG
that simplifies to:
or equivalently:
To solve this equation we imposed two simplifying hypothesis, the first one, that the relation G/c 2 = B (where B is a const.) remains constant, and the second one, that the cosmological "constant" verifies the relation Λ ∝ 1 c 2 t 2 , while div T j i = 0, in this way the equation was solved perfectly. The obtained results are:
checking that the relation G c 2 = const. iff κ = 1 2 . whit this value for κ = 1 2 it is obtained the following results [1] for details). with these results we have seen that the equations of the physic like Maxwell, Schrödinger or Klein-Gordon equations remain gauge invariant. We emphasize that in such work we determined the behaviour of without any doubt within this framework.
In this paper we would like to study briefly the case which condition div T j i = 0 is taken into account in such a way that adiabatic matter creation can be taken into account, in order to get rid of the entropy problem since in [1] this problem was no solved.
With these new assumptions the field equations that now govern the model are as follows:
where n measures the particles number density, ψ is the function that measures the matter creation, H = f ′ /f represents the Hubble parameter (f is the scale factor that appears in the metric), p is the thermostatic pressure, ρ is energy density and p c is the pressure that generates the matter creation.
The creation pressure p c depends on the function ψ. For adiabatic matter creation this pressure takes the following form:
The state equation that we next use is the well-known expression p = ωρ
where ω = const. ω ∈ (−1, 1]. We assume that this function follows the law:
(see [2] ) where β is a dimensionless constant (if β = 0 then there is no matter creation since ψ = 0). The generalized principle of conservation brings us to:
By integrating equation (11) we obtain the following relation between the energy density and the scale factor and which is more important, the constant of integration that we shall need for our subsequent calculations:
where A ω,β is the integration constant that depends on the equation of state that we want to consider i.e. constant ω and constant β that controls the matter creation. The set of governing parameters are now: M = M {A ω,β , B, t} , that brings us to obtain the next relations:
we can check that the next results are verified: we see that G
We also can check that our model has no the so called Planck's problem since the Planck system behaves now as: [2] for more details and the followed method etc...
Minisuperspace approximation.

Case 1. General case.
The Einstein equation has precisely the same form as the Hamiltonian for a zero-energy particle whose position is described by a coordinate f . To quantize we must replace the momentum conjugate to f by its corresponding operator, according to:
The Einstein equations may be obtained via Hamilton's principle [3] . From the Einstein field equations we define our Lagrangian as:
where ℵ = 3πc 2 4G is a renormalization factor and ρ stands for all the possible forms of energy density. In the case of FRW universe the action takes the form:
The momentum conjugate to f is:
We define the Hamiltonian H(f ′ , f ) as:
the Hamiltonian has been written in terms of f ′ to show explicitly that is identically zero and is not equal to the total energy H = 0. In terms of the conjugate momentum p, the Einstein equations may be written as follow:
which, of course is also equal to zero. Straightforward algebra yields:
Quantizing, making the replacement
and imposing Hψ = 0 results the Wheeler-DeWitt equation in the minisuperspace approximation for arbitrary k and with different kinds of matter expressed in ρ. Now, if we take into account that ℵ = 3πc 2 4G then
and if we replace ρ by (for example) ρ = ρ + ρ vac. where ρ stands for energy density of matter or radiation and ρ vac. is the energy density of the vacuum expressed in terms of the cosmological constant
Note that other types of matter can be taken into account like for example strings, ultrastiff matter, domains walls etc... algebra bring us to the following expression
where we have used the relation between ρ and f
or in a compact notation
where
being l p Planck's length. The W-W eq. is identical to one-dimensional time-independent Schrödinger eq. for a one-half unit mass particle of zero energy subject to the potential
The "particle" at f = 0 -a quantum FRW universe of zero side or indeed our cosmological "nothing"-may quantum mechanically tunnel through the potential barrier to appear at f = f 0 . This tunneling event represent a FRW universe of size (scale factor) f 0 that has quantum mechanically popped into existence i.e. a universe that has been created spontaneously and nonsingularly (since f 0 = 0). Choosing the tunneling wave function, it is now a simple matter to calculate the probability with which this occurs. If we denote the amplitude for the quantum creation by
The tunneling probability of the universe will be obtained from the expression above (see [4] , [5] ).
The dimensional stone.
We now calculate the multiplicity of the dimensional base [6] . For this purpose we observe that equation (27)
can be written in the following dimensionless products as:
from π 1 it is observed that l p ∝ f, from π 2 and π 1 we can see that Λ ∝ f −2 and from π 3 it is observed that ∝ A 1/2 ω B −1/2 f 3(1−ω)/2 . We shall see in section 4 that these results are precisely what we obtain when the possibility of time-varying constants in GR is considered in section 2 but with β = 0. We would like to emphasize that while in these cases it was studied the variation of the "constants" in semiclassical cosmological models where constant was introduced through an equation of state and to extrapolate the result to any kind of matter the result obtained here does not depend on any equation of state. It is observed that it only depends on the kind of matter, this fact is reflected in constant A ω . In this way we validate our extrapolation as well as the obtained results in section 2. With these relations (35) we can say that the Wheeler-DeWitt equation remains gauge invariant, see ( [1] )
We proceed to calculate the multiplicity of the base in this model. The range of the matrix of the exponents of the quantities and constants included in the monomia is 3 as it results immediately from:
The multiplicity of the dimensional base is therefore m = (number of quantities and constants)-(range of the matrix) is 3. Thus we can use as base B = {G, c, }. The only fundamental quantity is f and the set of unavoidable constants are C = {Λ, A ω , G, c, } . It is observed that the set of fundamental constants [G, c, ] form the famous Planck's system of units and this possibility should be taken into account.
Once the dimensional base of the theory (model) is obtained we go next to calculate the dimensional equation of each quantity, these are:
since we can take into account the equation of state ρ = aθ 4 where a stands for the radiation constant (a ∝ k 4 B / 3 c 3 ). The dimensional equations of the rest of the quantities are: where * dΩ is the volume-element on superspace, * being the Hodge dual in the supermetric. In this case is:
for more details about the dimensions of the wave function see ( [7] ) It is trivially observed that: 
Schrödinger reduction.
Note that the Wheeler-DeWitt equation is defined on curved "space-time" but it is possible to reduce it to the Schrödinger one in an effective flat space which permits the conventional quantum-mechanical procedure to be used (for example the calculation of the penetration factor). Therefore the Schrödinger equation after straightforward algebra yields see [5] :
where B is B = G/c 2 and the potential, in this case, is defined by:
it is observed that now this potential has dimensions of energy. Written it in a dimensionless form we obtain the following π − monomia.
simplifying them it is observed that they are the same monomia that the obtained them in equation (35) . Therefore this new equation has the same dimensional base that the obtained one in the case of the Wheeler-DeWitt equation. We shall use equation (42) in all our calculations.
Case 2. Scalar Field Model.
The density and pressure for an interacting scalar field φ is:
and
where V (φ) is the interaction potential. Assuming that the scalar field dominates, the field equation becomes
and instead of the ordinary conservation principle one obtains (assuming a massless field and ignoring spatial derivatives)
which is the equation of motion for the scalar field where V ′ ≡ dV dφ . The usual way of quantizing the FRW model for a scalar field is to treat φ and f as independent variables each with their own canonical momenta.
We define our Lagrangian as:
from the field equation:
the standard procedure brings us to the following expressions:
we define the Hamiltonian as:
after some simplifications straightforward algebra yields:
Canonical quantization yields if:
therefore the Wheeler-DeWitt equation in this case becomes:
where the potential is
The dimensional stone.
We now calculate the multiplicity of the dimensional base. For this purpose we observe that equation (58) can be written in the following dimensionless products as:
The multiplicity of the dimensional base is therefore m = (number of quantities and constants)-(range of the matrix) in this case is 3. Thus we can use 
4 Variable constants.
Following the results obtained in section 2 (with β = 0) (see [1] ) we determine the behaviour of the constants in function on f since this quantity is the only fundamental quantity in the theory of quantum cosmology (in our approximation in this minisuperspace). As I mentioned previously, this behaviour depends on the equation of state. A simple algebra exercise brings us to obtain the next solutions where now the set of governing parameters is:
where x = 3ω + 2 in the usual notation. It is interesting to emphasize the next relations obtained from eq. (63):
and that Λ ∝ f −2 Λ = d 0 f −2 d 0 ∈ R and m i ∝ f in all cases i.e. these results do not depend on the equation of state. As we mentioned earlier all these relationships are the same as the ones obtained in equation (35) For example, if we impose ω = 1/3 it is obtained:
Λ ∝ f −2 and m i ∝ f, and if we impose ω = −1/3 in this case we obtain:
while Λ ∝ f −2 and m i ∝ f. If the constants G, c, and Λ vary, then the Wheeler-DeWitt equation
where the potential is defined by:
and where d ω ∈ R since
while the Schrödinger equation yields:
if we simplify eq. (70) then it reduces to:
it is observed that in this case both equations (67) and (72) are identical. For example in the case of ω = 1/3 equation (70) yields:
and if we use ω = −1/3 it yields:
Note that the value of the numerical constants d i ∈ R are fundamental.
We would like to emphasize that in this paper are considered all the constant as variable, even the Planck's constant while in previous references only it is considered the variation of the constant Λ or the variation of G, c and Λ but no the Planck's constant (see respectively ([8] , [9])
Quantum tunneling.
The tunneling probability follows from the expression:
where U (f ′ ) follows from expression (71), since all the proposals until now only consider the potential V (f ) (68) despising all the "constants". This expression is obviously dimensionally homogeneous while the usual ones are not. Our potential is defined by:
as we have seen above the "constants" m p and vary as:
therefore this probability may approximate by:
whereχ = 6π 2 (3k − d 0 − 8πd ω ), we see that such probability only depends on the considered equation of state. If for example we take ω = 1 (ultrastiff matter) then the probability vanish. This formula may help us to find an equation of state in a pre-big-bang scenario.
Conclusions
We have seen how vary the all the "constants" within the framework of a cosmological model described by a perfect fluid. We have studied from a dimensional point of view the Wheeler-DeWitt equation in the minisuperspace approximation. We have shown that the set of governing parameters is formed by ℘ = (f, G, c, , Λ, A ω ) (depending in each case) where f is the only fundamental quantity and the set of unavoidable constants C is constituted by C = {G, c, , Λ, A ω } . A remarkable and surprising feature of the theory is the fact that it is independent of time the only fundamental quantity is the scale factor f. As we have shown the multiplicity of the dimensional base is usually 3 and that a possible base could be formed by the Planck's system of units i.e. B = {G, c, , k B } showing in this way that is precisely in this framework where this system acquire a complete sense. Written the Wheeler-DeWitt equation in a dimensionless way we have seen that the behaviour of the constants is the same that the obtained ones in the case of the standard cosmology. In this way we have deduced the Wheeler-DeWitt equation with all the constants varying as well as the Schrödinger equation (its reduced form). We have also seen that our model may arise via quantum tunneling.
